higher (p = 0.008) anti-HEV IgG seroprevalence was found in WOES (30.7 %) when compared with the general population (19.9 %). Multivariate analysis showed that having professions with exposure to pigs for more than 16.5 years was a risk factor for being positive for anti-HEV IgG (aOR of 5.4, 95 % CI 1.9-15.6, p = 0.002). To our knowledge, this is the first study on the prevalence of anti-HEV IgG in WOES in Portugal, also showing increased probability for infection in this group.
Introduction
Hepatitis E virus (HEV) is a hepatotropic non-enveloped, positive-sense, single-stranded RNA virus from the genus Orthohepevirus A, family Hepeviridae [1] . Sequence analyses of different HEV strains have led to the identification of at least four recognized genotypes (1) (2) (3) (4) that can cause illness in humans [2] .
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The concept of zoonotic hepatitis E in industrialized countries has emerged with the discovery of swine strains of HEV genotype 3 (HEV3), closely related to human HEV [3] . Today, swine is recognized as a major reservoir and the main source of HEV3 infection in humans [4] . Consumption of undercooked or raw meat from infected swine as well as contact with infected pigs has been recognized as zoonotic transmission routs [5] [6] [7] .
Studies have reported a higher seroprevalence of anti-HEV antibodies in workers occupationally exposed to swine (WOES), compared to the general population, suggesting that these individuals are at higher risk of HEV infection [8] [9] [10] . However, other studies have reported no differences in HEV antibody seroprevalence [11, 12] . To date, no HEV seroprevalence studies have been carried out in WOES in Portugal. Nonetheless, authors have reported widespread faecal shedding of HEV (22 %) in Portuguese swine [13] , which can favour an increased risk of exposure to HEV in WOES during the handling of infected animals. Hence, the aims of the present study were to investigate the potential occupational risk of zoonotic HEV infection in WOES in Portugal based on the differences of anti-HEV IgG seroprevalence rates between these professionals and the general population, as well as to investigate putative risk factors associated with anti-HEV IgG seropositivity.
Materials and methods

Serum samples
Serum samples (n = 114) were collected from WOES of the North and Centre of Portugal between September and November 2015. This study group included 96 slaughterhouse workers, 5 butchers, 11 pig farmers and 2 veterinarians working with pigs. The participants' background information included region (Centre vs. North), sex (female vs. male), age (<50 vs. ≥50 years old), professional exposure type (butcher/slaughterhouse worker vs. veterinarian/ pig farmer) and number of years in practice (≤16.5 vs. <16.5 years old) Levels dividing the variables "age" and "years in practice" were chosen using the median of each distribution. Sera from anonymous volunteers (n = 804) matched with WOES by age (5 year age group), sex and region were used as control group.
The participants were informed in detail about this study and provided their informed consent. Survey procedures were conducted in accordance with the recommendations outlined in the Declaration of Helsinki and were approved by a national ethics board in Portugal (Comissão de Ética para a Saúde do Centro Hospitalar de São João; reference number: 99/2015).
Detection of anti-HEV antibodies
Serum samples were tested for anti-HEV IgG using a commercial enzyme immunoassay (RecomWell HEV IgG, version 2015; Mikrogen, Neuried, Germany). The test contains highly purified recombinant HEV antigens from open reading frame (ORF) 2 of genotypes 1/3 that are considered to have a good performance in terms of negative predictive value, sensitivity (98.9 %) and specificity (97.1 %) according to the manufacturer.
Data analysis
Data processing and statistical analysis were performed using SPSS version 15.0 statistical software. A Chi-square test for homogeneity of proportions was used to calculate significant differences in anti-HEV IgG seroprevalence between the group of WOES and the control group. Univariate and multivariate (a saturated model) logistic regression analyses were carried out to determine which of the variables (region, sex, age group, profession, number of years in practice) were significantly associated (<0.05) with the detection of anti-HEV IgG among the WOES.
Results
The characterization of WOES participating in this study is summarized in Table 1 . Ages ranged from 20 to 83 years and they had been WOES for 1 month to 55 years. Seroprevalence of anti-HEV IgG in the WOES and control group was 30.7 and 19.9 % (p = 0.008).
The association between the detection of anti-HEV IgG in the group of WOES and the variables (region, sex, age group, profession, number of years in practice) was evaluated by univariate and multivariate analysis ( Table 2) . Being more than 50 years old (cOR 2.6, 95 % CI 1.1-5.8, p = 0.024) and having worked with swine for more than 16.5 years (cOR 5.5, 95 % CI 2.2-13.7, p < 0.001) were found to be associated with anti-HEV IgG seropositivity, in univariate analysis. However, when using multivariate analysis, the only risk factor for anti-HEV IgG seropositivity was having worked with swine for more than 16.5 years (aOR of 5.4, 95 % CI 1.9-15.6, p = 0.002). No risk factors for anti-HEV IgG seropositivity were found in WOES concerning region (Centre vs. North), sex (female vs. male) and type of professional exposure (butcher/slaughterhouse worker vs. veterinarian/pig farmer), by univariate or multivariate analysis.
Discussion
In the present study, we reported a significantly higher anti-HEV IgG seroprevalence in WOES (30.7 %) comparing with the general population (19.9 %). This seroprevalence in the at-risk group was similar to that previously reported in Germany [9] , in individuals with occupational exposure to pigs (slaughterers, meat inspectors, pig farmers and veterinarians). In a more recent study, also from Germany [14] targeting individuals living in high pig density areas it was found that people with direct contact with swine presented significantly higher HEV seroprevalence compared with those without direct contact. In fact, these studies are in accordance with several seroepidemiological surveys from European countries that have also reported a significantly higher anti-HEV IgG seropositivity in individuals with frequent and close contact with swine (occupationally exposed), namely in the Netherlands [8] , Spain [15] , France [10] , Greece [16] and Denmark [17] . This is in line with the high HEV seroprevalence found in swine [18] [19] [20] [21] , today known to be the major HEV animal reservoir and the main source of HEV infection in humans [5] . Interestingly, in one study performed in forestry workers [22] , a significantly higher anti-HEV seroprevalence was found in this group (not traditionally considered to be at risk of HEV infection) when compared to controls. In this study, authors hypothesized that hunting activities (that target wild boar and are usually included in this professional work) can be responsible for HEV infection through direct contact to wild boar blood, faeces or their aerosols [22] . Curiously, a study performed in Portugal focusing on pet veterinarians (not exposed to swine) has shown no differences in HEV seroprevalence between these professionals and the general population, which strengthens the link of the zoonotic transmission from swine rather than from other animals, namely pets [23] . On the other hand, other studies have found no significant differences between those exposed and unexposed to swine, namely in Sweden [11] and Italy [12] .
When investigating the putative risk factors associated with anti-HEV IgG seropositivity in WOES in Portugal, only the group that had more than 16.5 years in practice showed a positive association (aOR 5.4, 95 % CI 1.9-15.6, p = 0.002), showing a 5.4 times increased likelihood of having anti-HEV lgG than those working for less than 16.5 years. The risk of developing anti-HEV IgG after long exposure to swine was also reported in other countries such as Spain and Moldavia [15, 24] . Higher seropositivity among individuals with long exposure to swine seems plausible since close and frequent exposure to HEV infected animals could be related to increased likelihood for infection.
The precise route of transmission among WOES still remains to be demonstrated, but it is biologically plausible that there is an increased risk of being infected during slaughtering by handling carcasses, raw meat, blood and organs/tissues from infected animals [4, [24] [25] [26] .
To the best of our knowledge, this is the first study on the prevalence of anti-HEV IgG in WOES in Portugal, showing that these workers have an increased risk of HEV infection. For workers that are at continued risk of exposure, strict hygiene measures should be enforced, especially in middle-aged, elderly men or patients with an underlying liver disease, where complications by HEV genotype 3 are more frequent.
